H

TgMyoH-iKD/TgGAC-3Ty
TgMyoA-KO/TgGAC-3Ty Specifically, during invasion, the rhoptry organelles discharge the rhoptry neck proteins (RONs) within the host cell. These TgRONs will form, by interacting with TgAMA1, a circular junction between the host cell and the invading parasite. The rearward translocation of TgMICs or TgAMA1 by TgMyoA propels the parasite forward.
This machinery and principle is thought to be conserved in Apicomplexa. At the T. gondii conoid, the same mechanism employs TgMyoH. The connector between the motor and the adhesins is currently unknown. Once secreted to the PPM, the adhesins are rapidly cleaved within their transmembrane domains by the rhomboid protease TgROM4 allowing the parasite to disengage from the receptors. After invasion, the parasite starts to divide safely within the parasitophorous vacuole (PV). (B) GAC is an Apicomplexa specific ARM-repeat containing protein (green). Importantly, GAC is absent from the closely related Chromerida and Perkinsozoa IMC Sub-compartment Protein 1 (ISP1) fused to RFP). Scale bars 2 μm (C) and (H), 1 μm (J), 5 μm (K) and (L). TgMIC2 processing was affected as reported after CD treatment (Carruthers et al., 2000) . Microneme secretion was induced with 2% EtOH. P, pellet; SN, supernatant. Scale bars, 2 μm. (C) Coomassie blue gels of the recombinant purified proteins GST-TgGAC-PH, GST-PfGAC-PH, GST-TgAPH and GST. E1 to E3 represent different elution fractions. Three independent purifications were performed; only one representative set of elution is presented.
ΔKu80
ΔKu80 +ATc
TgAKMT-iKD -ATc
TgAKMT-iKD +ATc
TgAKMT-iKD Myc TgAKMT TgAKMT resulted with a deletion a two bases resulting in a premature stop codon at residue 65 which is upstream of the catalytic site.
Table S1 related to Figure 1
Alignment of different GAC across the phylum Apicomplexa performed with MUSCLE.
Table S2 related to Figure 2
Row data related to the egress and invasion assays presented in Figure 2G .
Invasion assay TgGAC-iKD -Atc 79.08 ± 6.46 TgGAC-iKD +ATc 2.15 ± 1.07 Ku80-KO +ATc 83.64 ± 5.50
Egress assay A23186 DMSO TgGAC-iKD -Atc 97.5 ± 2.79 4.8 ± 1.87 TgGAC-iKD +ATc 9.8 ± 0.98 0.8 ± 1.60 Ku80-KO +ATc 98.5 ± 4.67 5.2 ± 1.52 Time-lapse video microscopy of invading TgGAC-mCherry-Ty parasites revealed that TgGAC is present at the circular junction. Time is in second.
Movie S2 related to Figure 1
Complete Z-stacks related to the merozoite (left) and ookinete (right) pictures presented in Figure 1J .
Movie S3 related to Figure 2
Depletion of TgGAC (48h ATc, Right) severely impacts parasite movements while untreated parasites (middle) and parental Ku80-KO (Left) showed the three reported types of motility in 2D; helical, circular and twirling.
Conoid protrusion was not affected by depletion of TgGAC (Right). Time is in seconds.
Movie S4 related to Figure 2
Depletion of TgGAC (48h +ATc, Middle and Right) blocks parasite egress from the host cell while control parasites (-ATc, Left) show normal egress few minutes after calcium ionophore A23187 induction. In the Middle and Right movies, we can clearly see the permeabilization of the host cell while the parasites remain immobile.
Time in minutes.
Supplemental Experimental Procedures Preparation of T. gondii genomic DNA and RNA
Genomic DNA (gDNA) was prepared from tachyzoites of RH or RHΔKu80 (here referred as ΔKu80) strains using the Wizard SV genomic DNA purification system (Promega) according to manufacturer's protocol.
Cloning of DNA constructs
All amplifications were performed with the Q5 polymerase (New England Biolabs). RNA was isolated using TRIzol extraction. Total cDNA was generated by RT-PCR using the Superscript II reverse transcriptase (Invitrogen) according to manufacturer's protocol. Primers used are listed in supplementary Table S3 . T. gondii GAC: TGME49_312630; P. falciparum GAC: PF3D7_1361800; P. berghei: PBANKA_113780. All cloning were performed using E.coli XL-10 Gold chemo-competent bacteria. A RHΔKu80 gDNA fragment of TgGAC was amplified using primers 4898-4899 and digested with KpnI-NsiI. This fragment was cloned in pG152-3Ty-LoxP-3'UTR-Sag1-HXGPRT-LoxP-U1 (Pieperhoff et al., 2015) to generate CtTgGAC-3Ty-LoxP-3'UTR-Sag1-HXGPRT-LoxP-U1 and in pTub8-MIC13-3Ty-HXGPRT (Sheiner et al., 2010) to generate CtTgGAC-3Ty-HXGPRT. The latter plasmid was subsequently digested with NsiI-PacI and the mCherry-Ty sequence amplified using primers 3370-3371 digested with the same enzymes was inserted to create CtTgGAC-mCherry-Ty-HXGPRT. CtTgGAC-3Ty-LoxP-3'UTR-Sag1-HXGPRT-LoxP-U1 was digested with SacII and the DHFR cassette (p2854) amplified with primers 5701-3719 and digested with SacII was inserted to produce CtTgGAC-
two PCRs on ΔKu80 gDNA using primers 4913-4914 and 4915-4916 were performed and respectively digested with NcoI-BamHI and BglII-NotI. The two PCR products were cloned in two steps in 5'MyoF-TATi1-HXtetO7S1MycNtMyoF (Jacot et al., 2013) digested with the same enzymes. To generate pT8-N-, C-, M-TgGACGFPTy-HXGPRT, ΔKu80 cDNA was amplified using primers 5432-5433, 5434-5435 and 5436-5437
respectively. -N, -M and -C fragments were digested with MfeI-SbfI and cloned in pT8-NtTgMLC1-GFPTy-HXGPRT (Frenal et al., 2010) opened with the same enzymes. The same strategy was used to generate the same constructs in the pT8-MycGFPPfMyoAtail-Ty-HXGPRT vector (Hettmann et al., 2000) . To generate the fulllength pT8-TgGAC-Ty-HXGPRT, pT8-N-TgGAC-Ty-HXGPRT was digested with BglII-PacI and the insert from pT8-M-TgGAC-Ty-HXGPRT digested with the same enzymes was cloned to generated pT8-NM-TgGACTy-HXGPRT. Finally, pT8-NM-TgGAC-Ty-HXGPRT was digested StuI-PacI and the insert from pT8-CTgGAC-Ty-HXGPRT opened with the same enzymes was inserted to generate the full length TgGAC. Same principle was used to generate pT8-TgGAC-GFPTy-HXGPRT. For recombinant expression in bacteria, the Nt-GST fused -N, -M and -C fragments were amplified using respectively primers 5666-5667, 5866-5867, 5887-5886 with ΔKu80 cDNA as template. These PCR fragments were correspondingly digested with BglII-EcoRI, NcoI-EcoRI and NotI-XhoI and cloned in pETM30 digested with the same enzymes. TgGAC full length was amplified from pT8-TgGAC-Ty-HXGPRT using primers 5432-5437 and cloned in pETHTB digested with the same enzymes. N-PfGAC was codon remodeled (Table S3) , synthesized by GenScript and cloned in a pUC57
vector. This vector was used as template for a PCR using primers 5674-5675, digested NcoI-EcoRI and ligated in pETM30 and pETHTB digested with the same enzymes. The gene encoding the Ct of TgMIC2 (TgMIC2-Tail) including NcoI (ccatgg) and KpnI (ggtacc) cleavage sites was synthesized by GeneArt. (Protein sequence:
ASYHYYLSSSVGSPSAEIEYEADDGATKVVMEEEKETLVPVDDDSDMWME) The gene was cloned into pETM11 to create His-TgMIC2-Tail. GST and GST-TgMIC2-Tail were obtained from (Sheiner et al., 2010) TgGAC-PH and PfGAC-PH domains were amplified using primers 5424-5425 and 6304-6305 with respectively ΔKu80 cDNA or a codon remodel version of the PfGAC as template. PCRs were digested BglII-XhoI or BamHI-XhoI and cloned in pETM30 digested with BamHI-XhoI. GST-TgAPH was generated previously (Bullen et al., 2016) . To generate pT8-DDMyc-TgAKMT-HXGPRT, a PCR on ΔKu80 cDNA using primers 5653-5654 was performed. PCR product was digested NsiI-PacI and cloned in pT8-DDMycMyoF-Tail-HXGPRT (Jacot et al., 2013) digested with the same enzymes. This vector was digested with EcoRI-NsiI and the DDMycTgAKMT part was ligated in 5'UPRT-pT8-MycGFPPfMyoAtail-Ty-3'UPRT digested with the same enzymes to generate 5'UPRT-pT8-DDMycTgAKMT-wt-3'UPRT. This vector corresponds to pT8-MycGFPPfMyoAtail-Ty flanked by 5' (primers 5994-5995) and 3' (primers 5996-5997) homology regions in the UPRT locus. The catalytically dead mutant TgAKMT-H447V was generated following the Q5 site-directed mutagenesis kit (New England Biolabs) using primers 5854-5855. CtTgAKMT-3Ty-DHFR, CtTgFRM1-3Ty-DHFR, CtTgFRM2-3Ty DHFR were amplified by PCR on ΔKu80 gDNA using primers 5653-5654 and 6047-6058 respectively. PCR products were digested ApaI-SbfI and cloned in Ct-TgMyoF-DHFR (Jacot et al., 2013) digested with the ApaI-NsiI. Specific gRNA/Cas9 vectors used for TgGAC-Ty, TgROM4-KO, TgAKMT-KO and TgAKMT-iKD were generated using the Q5 site-directed mutagenesis kit (New England Biolabs) with pSAG1::CAS9-GFP-U6::sgUPRT as template (Shen et al., 2014) using respectively the primers 5286-4483, 5005-4483, 5615-4483 and 5616-4483. The gRNA/Cas9 vector for TgMyoA was previously generated (Frenal et al., 2014) . To generate PbGAC-GFP-hDHFR, a PCR on P. berghei ANKA line 2.34 gDNA was performed using primers T135f-T135r. PCR products was digested with KpnI and ApaI and cloned in p277-hDHFR (Guttery et al., 2012) digested with the same enzymes.
T. gondii culture
T. gondii tachyzoites were grown in confluent human foreskin fibroblasts (HFFs) maintained in Dulbecco's Modified Eagle's Medium (DMEM; GIBCO, Invitrogen) supplemented with 2 mM glutamine, 5% fetal calf serum, and 25 μg/ml gentamicin. Tet-inducible expression was regulated with 1 µg/ml anhydrotetracycline (ATc) (Meissner et al., 2001 ) and destabilization domain stabilization with 0.5 µM Shld-1 (Herm-Gotz et al.,
2007).
Parasite transfection and selection of stable transfectants
T. gondii tachyzoites were transfected by electroporation as previously described (Soldati and Boothroyd, 1993) .
RHΔKu80 (here referred as ΔKu80) (Fox et al., 2009; Huynh and Carruthers, 2009) mediated generation of knockouts, 15 µg of the gRNA-specific/CAS9-GFP vectors were transfected. TgMyoA-KO was generated in TgGAC-3Ty and TgROM4-KOs were generated in TgGAC-mCherry-Ty and in TgGACiKD. TgAKMT-KO was generated in RH. 48 h after transfection, parasites were FACS sorted for the presence of the GFP and cloned in 96 well plates. To generate TgAKMT-iKD or TgAKMT-iKD/TgGAC-Ty, the gRNAspecific/CAS9-GFP vectors were transfected along with respectively, two KOD (Merk) PCR reactions using primers 5617-5618 with 5'MyoF-TATi1-HX-tetO7S1MycNtMyoF as template or with 40 µg of double stranded oligonucleotides 5785-5786. PCR reactions were precipitated in sodium acetate 3M prior to transfection. 40 μg of pT8-TgGAC-GFPTy-HXGPRT was transfected in TgAKMT-KO. To generate TgAKMT-iKD/TgAKMT-H447V and TgAKMT-wt, 40 µg of either 5'UPRT-pT8-DDMycTgAKMT-wt-3'UPRT or 5'UPRT-pT8-DDMycTgAKMT-H447V-3'UPRT (both linearized SpeI-SacI) along with 5 µg of a gRNA-UPRT/CAS9-GFP previously generated (Shen et al., 2014) were transfected in TgAKMT-iKD. Parasites were selected with Fluoro-2'-deoxyuridine (5 µM). To avoid potential toxicity of the catalytically dead mutant, TgAKMT complementation constructs were placed under the control of a destabilization domain (DD) which de-stabilize the protein unless the ligand Shield (Shld-1) is added (Herm-Gotz et al., 2007) . Either mycophenolic acid (MPA, 25 mg/mL) and xanthine (50 mg/mL) or pyrimethamine (1 µg/ml) was used to select the resistant parasites carrying the HXGPRT or the DHFR cassettes, respectively. Parasites were cloned by limiting dilution in 96 well plates and analysed for the expression of the transgenes by IFAs or were screened for integration by PCRs. PbGAC-GFPhDHFR (linearized EcoRV) was transfected in P. berghei ANKA line 2.34 as previously described (Guttery et al., 2014) . Briefly, electroporated parasites were mixed with reticulocyte-rich blood collected from naïve, phenylhydrazine treated mice before intraperitoneal injection into uninfected mice. During day 1 to 4, pyrimethamine was supplied in the drinking water at 70 mg/L.
P. berghei stages purification
Purification of schizonts was achieved by placing blood cells collected from infected mice in culture (RPMI pH 7.3 containing 25% fetal calf serum and 0.5 mL Pen/Strep) and incubating for 24 h at 37 ˚C. Schizonts were 
Western blot analysis
Parasites were lysed in RIPA buffer (150 mM NaCl, 1% Triton X-100, 0.5% deoxycholate, 0.1% SDS, 50 mM Tris pH 7.5) using standard procedures and mixed with SDS-PAGE loading buffer under reducing conditions.
Suspension was subjected to two sonication cycles. SDS-PAGE was performed using standard methods.
Separated proteins were transferred to nitrocellulose membranes and probed with appropriate antibodies in 5%
non-fat milk powder in 1X PBS-0.05% Tween20. Bound secondary peroxidase conjugated antibodies were visualized using either the ECL system (GE healthcare) or SuperSignal (Pierce).
Subcellular Fractionations
Freshly egressed parasites were harvested and washed in PBS. Samples were then resuspended in 10 mM TRIS pH 8; 5 mM EDTA and lysed by freeze and thaw. Pellet and soluble fractions were separated by centrifugation (30 min at 100,000 x g at 4 °C). Supernatant was transferred into a new tube while the pellet was resuspended in PBS/0.1 M Na2CO3 [pH 11.5] and incubated at 4 °C for 30 min. Pellet and soluble fractions were again separated by centrifugation. Supernatant was transferred into a new tube while the pellet was resuspended in PBS/1% NP-40 and incubated at 4 °C for 20 min. Pellet and soluble fractions were again separated by centrifugation. The soluble fractions were mixed with SDS-PAGE loading buffer under reducing conditions while the final pellet was directly resuspended into the loading buffer.
Proteinase K Protection Assay
Freshly egressed T. gondii tachyzoites were resuspended in 1.5 ml cold SoTE (0.6 M sorbitol, 20 mM Tris-HCl [pH 7.5], and 2 mM EDTA) and split into three tubes. Tubes 2 and 3 were additionally permeabilized with 0.5 ml cold 0.01% digitonin (Sigma)/SoTE. All samples were carefully mixed by inversion and incubated on ice 1 min prior to centrifugation (2,000 g/10 min). Supernatant was discarded, and 0.5 ml cold SoTE was added to tube 2 and 0.5 ml cold SoTE + 2,5 µl of 20 mg/ml Proteinase K was added to tubes 1 and 3. All tubes were gently inverted and incubated on ice/30 min. Proteinase K was inactivated by addition of cold trichloroacetic acid to a final concentration of 10% on ice/30 min. Samples were centrifuged (14,000 rpm/20 min), washed 2-3x with acetone, air dried, and pellets were resuspended for SDS-PAGE.
Antibodies
The antibodies used in this study are described as follows: rabbit polyclonal α-ROM4 (Rugarabamu et al., 2015) , α-AMA1 (gift from M. Lebrun), α-CAT (Ding et al., 2000) , α-GAP45 and α-PRF (also used for GST-detection in PIP-strip assays) (Plattner et al., 2008) 
Immunofluorescence assay (IFA) and confocal microscopy T. gondii
HFFs seeded on cover slips in 24-well plates were inoculated with freshly released parasites. After around 24-30 h, cells were fixed with 4% paraformaldehyde (PFA) or 4% PFA/0.005% glutaraldehyde (PFA/GA) in PBS, neutralized 3-5 min in 0.1 M glycine/PBS, and processed as previously described (Plattner et al., 2008) .
Confocal images were generated with a Zeiss laser scanning confocal microscope (LSM700, objective apochromat 63x /1.4 oil) at the bioimaging facility of the Faculty of Medicine, University of Geneva. Image stacks were processed with ImageJ using maximum intensity Z projection. Airyscan confocal microscopy related to Figure 2C was performed with a ZEISS LSM 880 with Airyscan, objective apochromat 63x /1.4 oil at the Cellular Imaging Facility (CIF), University of Lausanne. Image stack was processed with ImageJ using maximum intensity Z projection. Isosurface 3D rendering was performed with Imaris following default parameters.
Time-lapse video microscopy T. gondii
TgGAC-mCherry-Ty parasites were inoculated in fresh HFFs grown on glass bottom plates. After 24 h parasites were washed twice with DMEM and treated at 37 °C with DMEM, 3 μM of calcium ionophore (A23187).
Images were taken by Nikon digital sight camera at 4.7 frames per second on a Nikon eclipse Ti inverted microscope using a 100 x oil immersion objective. Images were processed using ImageJ.
P. berghei live microscopy
PbGAC-GFP expressing parasites were visualised on a Zeiss AxioImager M2 (Carl Zeiss, Inc) microscope fitted with an AxioCam ICc1 digital camera (Carl Zeiss, Inc). Asexual blood stages were imaged from freshly taken blood, schizonts and ookinetes after 24 h in culture, gametocytes after 15 min activation and oocysts and sporozoites 14 and 21 days post-infection. The cells were briefly spun down before imaging and the pellet was mixed 1:1 with PBS containing Hoechst (1:1000) (and 13.1 antibodies when ookinetes or activated gametocytes were imaged). Cell suspension was mounted on a microscopy slide and imaged at 63x or 100x magnification.
P. berghei fixed IFAs
Isolated parasites were smeared onto Poly-L-lysine coated slides and fixed in 4% PFA. Cells were permeabilized in 0.15% Triton-X 100 and blocked in 3% BSA in PBS. Slides were incubated with poly-clonal rabbit anti-GFP
(1:250, Invitrogen) and/or monoclonal mouse H4K20Me3 (1:1000) antibodies in 1% BSA in PBS 1X for 1 h and washed in PBS 1X three times. AlexaFluor 568 labelled anti-mouse (1:1000, Invitrogen) and AlexaFluor 466 labelled anti-rabbit (1:500, Invitrogen) were used as secondary antibodies and incubated in 1% BSA for 1 h together with Hoechst (1:500). Slides were washed three times in PBS 1X, mounted with Fluoromount-G mounting media and kept in the dark overnight to dry. If necessary, cells were incubated with 13.1 antibody
(1:1000 in PBS for ookinetes) prior to blocking. After mounting media was fully hardened parasites were imaged with the Zeiss AxioImager M2 (Carl Zeiss, Inc) microscope fitted with an AxioCam ICc1 digital camera (Carl Zeiss, Inc).
P. berghei 3D SIM super-resolution microscopy
Isolated parasites were fixed in 4% PFA and left to settle on a Poly-L-lysine coated coverslip for 48 h at 4°C.
Prior to the experiment, coverslips were sterilized with HCl for 30 min at room temperature and washed with ultrapure water and 100% Ethanol. Coverslips were then coated in Poly-L-lysine and incubated for at least 30 min before washing progressively with 70%, 95% and 100% Ethanol. Parasites were stained, as described above, directly on coverslips, mounted in Fluoromount-G and left to harden in the dark overnight. Super-resolution microscopy was performed at a 3D-SIM Zeiss microscope fitted with 405 nm, 488 nm and 568 nm lasers and blue, green, red and far red filters. ZEN Digital Imaging for light microscopy was used for obtaining images. For Fluoromount-G mounted slides water-based oil and the respective objective were used for imaging.
Plaque assay
A confluent monolayer of HFFs was infected with freshly egressed parasites and treated ± ATc for 7 days before the cells were fixed with PFA/GA. The host cell layer was then stained for 10 min at RT with crystal violet (Sigma-Aldrich). Data are representative of three independent biological experiments.
Induced gliding assay
TgGAC-iKD parasites were grown for 48 hours ± ATc. Freshly egressed parasites were centrifuged 1 min at 1000 rpm on gelatin coated coverslips in DMEM and then incubated for 15 min at 37 °C with calcium ionophore A23187 (3 μM) before fixation with PFA/GA. Anti-SAG1 antibody was used without permeabilization to visualize the trails and the parasites. Three independent experiments have been performed.
Induced gliding time lapse microscopy
TgGAC-iKD parasites were grown for 48 hours ± ATc. Freshly egressed parasites were placed on gelatin coated coverslips in DMEM and stimulated with 250 µM Propranolol (Bullen et al., 2016) . Time lapse video imaging was performed as described above. Three independent experiments have been performed with each time 3
videos. Data presented in Figure 2F are mean value ± SD from these experiments.
Egress assay
Freshly egressed parasites were allowed to invade new HFFs on coverslips and incubated for 2 h before washing of the host cells. A pre-treatment of 18 h ± ATc was performed for TgGAC-iKD. After 30 h of culture parasites were treated for 7 min at 37 °C with DMEM containing 0.06% DMSO or 3 μM calcium ionophore (A23187)
from Streptomyces chartreusensis (Calbiochem). The coverslips were fixed with PFA/GA and stained with α-GAP45 antibodies. 200 vacuoles were counted for each strain and the number of egressed vacuoles is represented. Data are mean values ± SD from three independent biological experiments.
Invasion assay
TgGAC-iKD parasites were pre-treated for 48 hours ± ATc and mechanically egressed. Extracellular parasites were centrifuged 1 min 1000 rpm and allowed to invade a new HFF monolayers on coverslips for 30 min before fixation with PFA/GA for 7 min. Fixed cells were blocked 30 min with 2% BSA/PBS, incubated with α-SAG1
antibodies diluted in 2% BSA/PBS for 20 min and washed 3 times with PBS. Cells were then fixed with 1%
formaldehyde/PBS for 7 min and washed once with PBS. Permeabilization using 0.2% Triton X-100/PBS was performed for 20 min. A second incubation using α-GAP45 antibodies diluted in 2% BSA/0.2% Triton X-100/PBS was performed. Cells were washed 3 times with 0.2% Triton X-100/PBS and incubation with secondary antibodies was performed as described previously. 200 parasites were counted for each condition and the percentage of intracellular parasites is represented. Data are mean values ± SD from three independent biological experiments.
Intracellular growth assay
TgGAC-iKD parasites were pre-treated for 18 h ± ATc. Parasites were then grown for 30 h in new HFFs prior fixation with PFA/GA. Immunofluorescence analysis using α-GAP45 antibodies was performed and the number of parasites per vacuole was scored. 200 vacuoles were counted for each condition. Data are mean values ± SD from three independent biological experiments.
Host cell attachment assay
Extracellular wt RH-GFP and TgGAC-iKD parasites pre-treated for 48 h ± ATc were mixed at a 50/50 ratio in Endo buffer (44.7 mM K2SO4, 10 mM Mg2SO4, 106 mM sucrose, 5 mM glucose, 20 mM Tris, 0.35 % w/v BSA, pH 8.2) containing 1 μM cytochalasin D (Sigma-Aldrich). Parasites were incubated at room temperature for 10 min. Then, half of the mixture was added to a coverslip coated with HFF (assay) or coated with Poly-Llysine (control). Samples were centrifuged for 1 min at 1000 rpm. Controls samples were immediately fixed with PFA/GA for 7 min at RT. In the assay samples, the medium was replaced with pre-warmed DMEM 5% FCS containing 1 μM cytochalasin D to prevent invasion, incubated for 15 min at 3 7 °C and fixed with PFA/GA for 7 min. IFAs was performed using α-GAP45 antibodies which were subsequently stained with Alexa647 ("red").
Ratios between a total of 200 red/green (wt) and red only (TgGAC-iKD) attached parasites were counted. Data are mean values ± SD from three independent biological experiments.
Microneme secretion assay
TgGAC-iKD and ΔKu80 pre-treated for 48 ± ATc were harvested by centrifugation and the pellet were washed twice in 37 °C pre-warmed intracellular buffer (5 mM NaCl, 142 mM KCl, 1 mM MgCl2, 2mM EGTA, 5.6 mM glucose and 25 mM HEPES, pH 7.2). Pellets were resuspended in DMEM ± ethanol (2%) and incubated at 37 °C for 30 min. Parasites were then centrifuged at 1000 g for 5 min at 4 °C. Pellets were washed once in PBS whereas supernatants were centrifuged once more at 2000 g for 5 min at 4 °C to remove residual parasite debris.
Pellets and supernatant samples were analysed by Western blot using α-AMA1, α-MIC4, α-MIC2, α-Myc, α-catalase (CAT) and α-dense granule (GRA3) antibodies.
Protein purification for rabbit actin cosedimentation, GST pull-down assay, and PIP strip assays BL21 bacteria were transformed with the corresponding plasmids (GST, GST-TgMIC2-Tail, GST-N-TgGAC, GST-M-TgGAC, GST-C-TgGAC, GST-N-PfGAC and His-FL-TgGAC) and protein expression was induced with 0.5 mM IPTG for 3 h at 37 °C for GST constructs or O/N at 16 °C for His. For His tag purification, bacteria were lysed in PBS, 150 mM NaCl, 10 mM imidazole, 1 mg/ml of lysozyme and protease inhibitor cocktail EDTA-free (Roche). Samples were subjected to 5 freeze and thaw cycle as well to 10 cycles of 30 s sonication on ice. Samples were centrifuged 30 min at 10'000 rpm and supernatant was incubated 4-12 h with His select
Nickel affinity beads (Sigma). Samples were then washed 5 times with the lysis buffer followed by elution in increasing gradient of imidazole (50-200 mM). For GST purification, bacteria were lysed in PBS, 1 mg/ml of lysozyme and protease inhibitor cocktail EDTA-free (Roche) and processed as before using Glutathione optical density of 0.6 for 16 h at 16C. His-TgMIC2-Tail and His-FL-TgGAC were first purified from the lysate using Ni-affinity chromatography. After removing of His-tag of FL-TgGAC using TEV protease, the proteins were further purified using Mono Q 5/50 GL ion exchange, while the His-tag of His-TgMIC2-Tail was kept intact for further experiments. The final purification step for FL-TgGAC and His-TgMIC2-Tail was performed by size exclusion chromatography using Superdex 200 HiLoad 16/60 (50mM HEPES pH 7.5, 50mM NaCl, 1mM TCEP) and Superdex 75 10/300 GL (50mM Tris pH 7.5, 100mM NaCl, 1mM beta-mercaptoethanol (BME)), respectively. N-TgGAC and N-PfGAC were purified using glutathione sepharose and on-column TEV digestion, followed by size exclusion chromatography. Recombinant P. falciparum actin I was expressed and purified as previously described (Bhargav et al., 2013; Ignatev et al., 2012; Vahokoski et al., 2014) .
Pull-down assays with His-TgMIC2-Tail and FL-TgGAC
The purified His-TgMIC2-Tail (previous paragraph) was immobilized on NiNTA agarose resin, and the unbound protein was washed away with 50mM Tris pH 7.5, 100mM NaCl, 1mM BME. FL-TgGAC or N-TgGAC (His and GST tags were cleaved, see previous paragraph) were added on the resin and incubated at RT for 10 min, and the unbound TgGAC proteins were washed out using 15CV of same solution. The bound proteins were eluted with 50mM Tris pH 7.5, 100mM NaCl, 500mM imidazole, 1mM BME, then each fraction were analysed by SDS-PAGE. The negative control was performed using FL-TgGAC without His-TgMIC2-Tail on the NiNTA resin.
Pull-down assays with GST, GST-TgMIC2-Tail and His-FL-TgGAC
GST-TgMIC2-Tail, and GST (Sheiner et al., 2010) were purified as described previously and kept on the glutathione sepharose beads. Eluted His-FL-TgGAC was mixed with the beads, incubated 2 h and washed 3 x with PBS. Pellets was then mixed with Sample buffer and loaded on the gel. GST, GST-TgMIC2-Tail and His-FL-TgGAC were purified according to the protocol presented in: Protein purification for rabbit actin cosedimentation, GST pull-down assay, and PIP strip assays.
Biacore experiments
The binding of FL-and N-TgGAC to the His-TgMIC2-Tail was assayed by measuring surface plasmon resonance using a Biacore T200 system (GE Healthcare). Proteins were purified following the protocol presented in: Recombinant protein purification for biochemical, His-TgMIC2-Tail, Biacore and structural studies. HisTgMIC2-Tail was immobilized on a Sensor Chip NTA (GE Healthcare) covalently using the manufacturer's amine coupling protocol to achieve an immobilization level of 400-500 resonance units (RU). The interaction was studied by injecting serial concentrations of FL-TgGAC and N-TgGAC at a flow rate of 10 µl/min for 2 min. After 10 min spontaneous dissociation, the His-TgMIC2-Tail surface was regenerated by injecting 10 mM NaOH for 5 s at a flow rate of 30 µl/min. One flow cell in each experiment was used as a reference cell without
His-TgMIC2-Tail immobilization. Data were analyzed using the Biacore T200 evaluation software version 2.0 (GE Healthcare).
Small-angle X-ray scattering and homology modeling
SAXS data on FL-TgGAC at concentrations of 4.6, 2.3, and 1.2 mg ml -1 , N-TgGAC at concentrations of 5.1, 2.6, and 1.4 mg ml -1 , and N-PfGAC at concentrations of 2.0 and 1.0 mg ml -1 were collected at the ESRF beamline BM29. Analysis of the data was carried out using the ATSAS package (Petoukhov et al., 2012) . All concentrations of each protein were used to create a merged scattering curve, which was used for further modeling. Ab initio models were built using DAMMIF (Franke and Svergun, 2009) , GASBOR , and MONSA (Svergun, 1999) . Homology models were constructed based on the Tg-and PfGAC sequences using the Phyre 2 server (Kelley et al., 2015) . Homology modeling for TgGAC was performed in three parts: N-TgGAC (amino acids 1-1116), the C-terminal armadillo region (1141-2140), and the predicted PH domain (2481-2639). The ab initio and homology models were superimposed both using SUPCOMB (Kozin and Svergun, 2001 ) as well as manually in Pymol.
TgAKMT relocalization assay
EC buffer: NaCl 141.8mM, KCl 5.8mM, MgCl2 1mM, CaCl2 1mM, Glucose 5.6mM, HEPES 25mM pH adjusted to 7.2 with NaOH. Intracellular parasite were incubated ± 1 µM CD for 30 min prior to mechanical egress and then incubated with EC buffer for 30 min ± 1 µM CD.
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